Background: Pepsin plays a role in gastroesophageal reflux (GER). Aims of this study were to verify if pepsin could be the cause of frequent bronchial exacerbations and to check if the persistence of chronic respiratory symptoms were correlated with pre-existing respiratory diseases.
Introduction
In the Montreal Classification, gastroesophageal reflux disease (GERD) is a condition developing when the reflux of stomach contents causes troublesome symptoms and complications (1) . GERD is a term referring to the clinical symptoms, which is caused by advanced gastroesophageal reflux (GER). According to the position statement of the Committee on Speech, Voice, and Swallowing Disorders of the American Academy of Otolaryngology-Head and Neck Surgery, the laryngopharyngeal reflux (LPR) is the backflow of stomach contents into the laryngopharynx (2) . Even if heartburn and regurgitation represent the most common clinical manifestation, sometimes GERD is asymptomatic and causes extraesophageal symptoms such as asthma, dysphonia, sore or burning throat, excessive throat clearing, chronic cough, globes pharyngeus, apnea, laryngospasm, laryngitis, dysphagia, and postnasal drip (3) . Nevertheless, GERD is a risk factor for bronchial exacerbations in patients with chronic obstructive pulmonary disease (COPD) (4) . LPR differs from GERD in many aspects, such as symptoms, treatment modalities, and pathophysiology. Patients with chronic pulmonary diseases could have a high prevalence of aspiration-associated extraesophageal reflux disease (AERD) (5) , but, regrettably, the diagnosis and therapy have focused, as first monitoring parameter and treatment targets, on gastric acid (5) . Recent studies have shown that the damage to the respiratory system can be due to acidity, but can be attributed to the bile and pepsin (6) . These findings could explain the non-optimal nature of diagnostic tests in GERD, especially in the extraesophageal reflux (EER), thereby, causing a delay in diagnosis and treatments (7, 8) . Furthermore, current techniques for assessing the reflux, such as oesophagal pH monitoring and esophagoscopy with oesophagal biopsy, identify only an increased risk of pulmonary aspiration patients, but obtaining proof of aspiration remains elusive (9) . Pepsin plays the leading role in the formation of GER and related diseases since studies claim the key role of pepsin in mucosal lesions. Therefore, pepsin can be a good alternative diagnostic method, particularly in patients with non-acid reflux (2) . The gastric enzyme pepsin is a member of the family of aspartic proteins, synthesized by the chief cells of the gastric fundus epithelium. Pepsin exhibits maximal activity at pH 2.0 and is inactive at pH >6.5. However, pepsin is not fully denatured or irreversibly inactivated until pH 8.0 (2, 9) . The presence of pepsin is then a better predictor of AERD in patients with respiratory symptoms. The gastric pepsin is obviously absent in respiratory secretions, and the detection of pepsin in bronchoalveolar lavage fluid specimens could be a biomarker for AERD (5, 9) .
The aims of this pilot study were to verify if pepsin could be the cause of frequent bronchial exacerbations (>1 year) and to check if the persistence (>2 months) of chronic respiratory symptoms were correlated with preexisting respiratory diseases, like asthma or COPD. Therefore, the intensification of these symptoms could be the expression of an EER.
Material and methods

Study design and study population
From January to May 2016, 42 patients with a history of a chronic cough, plug or dyspnea and abnormal lung examination underwent a diagnostic bronchoscopy were recruited. Patients were enrolled for the worsening of respiratory symptoms of the pre-existing pulmonary disease in spite of regular treatment ( Table 1 ). All enrolled patients had a history of at least one bronchial exacerbation during the previous year. This cohort had no history of GERD or any prior diagnosis or therapy for acid reflux; all patients had clinically suspected atypical GERD ( Table 2) . After the collections of written informed consents, patients underwent fiberoptic bronchoscopy for the detection of the gastric pepsin (Pep-test) and the bacteriological examination of the bronchial secretions ( Figure 1) . Bronchoscopy was performed under conscious sedation with Midazolam IV <5 mL. The early digestive tract of patients was also studied through a roentgenogram for the GER. The radiological study routinely included: an upright left posterior oblique double-contrast views of the oesophagus and a prone position right anterior oblique single-contrast views. The left posterior oblique double-contrast views were obtained with a 250% weight/volume high-density barium suspension and an effervescent agent (Baros, Lafayette Pharmaceuticals). The prone position right anterior oblique single-contrast views were obtained with a 50% weight/ volume low-density barium suspension (Entrobar, Lafayette Pharmaceuticals). Oesophageal motility was evaluated with multiple separated swallows of low-density barium while in the prone right anterior oblique position. At the end of the study, the patient was routinely rotated to the supine position and then to the right lateral position for assessment of spontaneous GER (11) . All radiological studies were performed with digital fluoroscopic equipment (Sirescop SX 40, Fluorospot top; Siemens AG).
Sample collection
Bronchial lavage fluid specimens were obtained from the anterior wall of the trachea and main bronchi, avoiding the aspiration of secretions on the pars membranacea, in which could be present the saliva penetrates during the tracheal introduction of the bronchoscope. Bronchial secretions were placed in a 15 mL sterile plastic test tube, stored on ice, and promptly transferred to the refrigerator at 4 ℃.
In the second half of the bronchoscopy, bronchial washing and bronchial aspirate for bacteriological examination was performed in all patients (Figure 1 ).
Pepsin analysis
The Pep-test (Peptest™, RD Biomed Ltd) is an immunological test that consists of a Lateral Flow Device (LFD) containing two human monoclonal antibodies: the first to detect and the second to capture pepsin. The Peptest identifies sub-units of pepsin A, exclusively of gastric origin, in particular in its isoforms 3 (3a, 3b and 3c) (12) .
The test can detect the presence of pepsin, not its activity.
Test specificity is close to 100%, and the sensitivity is 81%. Positive predictive value is 100%, and negative predictive value is 60%. The Bronchial Lavage fluid specimen (added with citric acid 0.1 M 0.5 mL) was vortexed and centrifuged for 5 minutes at 4,000 rotations per minute. Then the supernatant was collected, transferred to 1.5 mL microcentrifuge tube and again centrifuged to obtain clear material. At this point, 80 μL of sample was transferred into microtubes containing 240 μL of migration buffer and mixed by vortex. 80 μL was then deposited on the device, waiting about 15 minutes for the complete migration. In this study, a semiquantitative assessment of pepsin in the samples was carried out based on the intensity of the test sample (line T compared to the control line C) ( Figure 2 ).
Statistical analysis
Statistical analysis was realized with the bootstrap method The main advantage of this technique is that the entire dataset can be used for model building, which would yield more robust models, especially in moderate-size databases and for rare outcomes. We employed R-software for statistical analysis (15) .
Results
A total of 42 patients were enrolled in this pilot study during the 5 months' period. Demographic characteristics were described in Table 3 . Fifty percent were men. The mean age was 56 years (range, 20-84 years). Thirty (71%) reported exacerbations annually with an average of at least three episodes by year. All patients have at least one symptom for atypical GERD. Half of the subjects reported an allergy to common allergens. Four patients were former smokers, only one patient was an active smoker.
No patient was involved in respiratory risk jobs. Patients enrolled underwent bronchoscopy for the persistence of the respiratory symptoms: 16 (38%) patients reported coughs, 16 (38%) coughs and phlegm for at least 2 months, and 3 (7%) patients exertional dyspnea ( Table 3) . Bronchial asthma was mild in 10 patients, moderate in 23.8% and severe in 2 (4.7%). Twelve patients had COPD (28.5%): degree A 2 (4.7%), degree B 7 (16.7%), degree C 2 (4.7%), and degree D 1 (2.4%) ( Table 4 ). Ten patients (23.8%) with persistent respiratory symptoms after a diagnosis of bronchial exacerbation did not have a previous diagnosis of chronic respiratory disease. Four patients (9.5%) had a radiological diagnosis of non-resolving pneumonia, 1 (2.4%) lung cancer, 1 (2.4%) basal bronchiectasis, 1 (2.4%) a usual interstitial pneumonia (UIP) treated with pirfenidone, and 1 (2.4%) a suspected pulmonary tuberculosis infection. All patients had one or more symptoms correlated to an EER, while only eight patients (19%) had symptoms of regurgitation/heartburn. The reflux was radiologically detected in 25 patients (59.5%) and in 21 (56.8%) a hiatal hernia was also demonstrated. In 83% patients with asthma, the simultaneous presence of spontaneous GER and hiatal hernia was observed. In 12 patients with COPD, 75% had a spontaneous reflux with a hiatal hernia associated (66.7%).
In more than half of subjects with persistent respiratory symptoms due to bronchial exacerbation, the first digestive tract X-ray has encountered spontaneous reflux and a hiatal hernia in 20%. Reflux was also found in patients with
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Results for internal control Figure 2 Pep-test. A semiquantitative assessment of pepsin was carried out based on the intensity of the test sample (line T compared to the control line C). bronchiectasis and with UIP. There were a radiologic reflux and herniation in a patient with non-resolving pneumonia and a patient with lung cancer. In patients with pulmonary TB, the radiological examination was not performed. Peptest analysis was performed on a bronchoalveolar fluid sample from each patient: pepsin was present in 37 patients (88%), but in patients with bronchial asthma and COPD the finding of pepsin in the bronchoalveolar fluid was 100%.
The positive feedback of pepsin was also found in eight patients with bronchial exacerbation (80%), in two patients with non-resolving pneumonia (50%), but also in a patient with lung cancer, in those with bronchiectasis and finally in what has performed the bronchoscopy investigation for suspected pulmonary. After bronchial fluid intake for Peptest, a bronchoalveolar lavage for bacteriological examination was performed. Bacteriological exams showed the growth of Haemophilus influenzae and Streptococcus pneumoniae in 5 patients (0.9%), while the direct and culture for BK was negative. There was a strong positive statistical correlation between pepsin detection and radiological signs of GER (ρ=0.662), and between pepsin detection and diagnosis (ρ=0.682). There was a moderate positive statistical correlation in reactivations by years and pepsin detection (ρ=0.570). There was only a mild correlation between pepsin detection and radiological signs of a hiatal hernia (ρ=0.513).
No correlation was found between the bacteriology and the presence of pepsin in the airways (ρ=0.006).
Discussion
In bronchial secretions, pepsin was positive in 88%. In 0.9%, there was a bacterial infection of the airways. Eight patients (19%) have typical reflux symptoms (heartburn and acid regurgitation). All had at least one atypical symptom of GER. This finding could explain the persistence of respiratory symptoms as an extraesophageal manifestation of asymptomatic GER (EEA). These results are in disagreement when evaluating the upper digestive radiological studies since more than half of the participants had spontaneous GER (59.4%) and hiatal hernia (56.8%) in the absence of typical GER symptoms. Unfortunately, our method does not allow establishing a causal link between reflux and symptoms of the patients, because only direct measurement of the acid reflux can be achieved with prolonged pH monitoring, which is the only method able to provide guidance on causation (16) . Pepsin assay alone does not indicate a causal relationship to airway damage, but the presence of pepsin in the airway, per se, indicating reflux because it cannot be present in the airways, if not through a microaspiration of gastric contents. The hypothesis that, in the examined population, the GER could be the cause of the persistence of respiratory symptoms is mainly supported by the finding of a strong positive correlation between the detection of pepsin and the suspected diagnosis and the lack of correlation between the bacteriological test and the presence of pepsin in the airways. Nevertheless, the radiological diagnosis of GER through the study of the upper digestive double contrast showed a high correlation with the presence of pepsin in bronchial secretions. The mild relationship between the number of bronchial exacerbations and the positive pepsin in the airways could support the hypothesis that a cough, in well-selected cases, may be the expression of an EER (EAR). These findings are interesting because the correlation between EER and airway disease is gradually gaining recognition increasing the need for new standards and diagnostic standards for EER related to GER (2, 17) . In fact, as with other diseases affecting the respiratory system, this study does strongly suggesting a relationship of occult aspiration bronchial exacerbations (6) .
Conclusions
Although pepsin alone does not indicate a causal relationship to the airway damage, the reflux is showed by the presence of pepsin in the airways. While the correlation between EER and airway disease is gradually gaining recognition, it has also increased the need for new regulatory standards and diagnostic EER related to GER. For this reason, the gastric enzyme pepsin could be a reliable marker for the diagnosis of EER, especially in patients with persistent respiratory symptoms not otherwise justifiable. The persistence of respiratory symptoms by at least 2 months suggests an endoscopic bronchial examination. This straightforward and reliable test could confirm the cause possible irritation of the airways and may prevent further diagnostic tests, such as an EGD or pH monitoring esophageal.
